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INTRODUCTION

The concept of “microbial endocrinology” defines a 
bi-directional interaction between host and microbe 
via inter-kingdom signaling (Lyte and Ernst, 1992); 
many studies show that this is an important determi-
nant of infection biology (Plotkin and Viselli, 2000; 
Klosowska and Plotkin, 2006; Freestone et al., 2007; 
Lyte and Freestone, 2010; Lyte and Cryan, 2014; 
Freestone, 2017; Lyte et al., 2021). 
It is well known that sex steroid hormones, such as 
progesterone (PRO) and estradiol (EST), modulate di-
verse physiological functions ranging from reproduc-
tion to metabolism and immune function (García-
Gómez et al., 2013; Feraco et al., 2016; vom Steeg and 
Klein, 2017). Sex steroid hormones are derived from 
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cholesterol, which is also commonly used for survival 
by microbes. On the other hand, it is well known that 
susceptibility to infections differs between genders, 
suggesting the hormones may be implicated in diseas-
es (Leone et al., 2012; García-Gómez et al., 2013; vom 
Steeg and Klein, 2017).
Staphylococcus aureus (S. aureus) is a quite common 
human pathogenic microorganism that can cause 
various infectious diseases. Methicillin-resistant S. 
aureus (MRSA) strains are often resistant to many 
other antibiotics used to treat ordinary Staphylococ-
cus infections; therefore MRSA is one of the most 
problematic bacteria, causing widespread hospital 
infections (Hiramatsu et al., 2001; Boucher and Co-
rey, 2008; Foster and Geoghegan, 2014; Bearson, 
2016; Lee et al., 2018).
In the present study, the effects of progesterone 
(PRO) and estradiol (EST) on various biological be-
haviors of S. aureus strains were investigated. The 
alterations of growth, adhesion, invasion of MRSA 
and MSSA strains were examined in cell culture in 
the presence and absence of hormones (at two differ-
ent concentrations); biofilm formation and suscepti-
bilities against ciprofloxacin and gentamicin of both 
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SUMMARY

In the present study, the effects of progesterone (PRO) and estradiol (EST) on the growth, adhe-
sion, invasion, biofilm and antibiotic susceptibilities of methicillin-resistant Staphylococcus aureus 
(MRSA) and methicillin-susceptible S. aureus (MSSA) were examined. We also investigated effects 
of S. aureus infections on the viability of human breast adenocarcinoma (MCF-7) cells in the pres-
ence/absence of hormones.
The effects of hormones on the growth, adhesion and invasion of S. aureus were investigated in 
MCF-7 cells. Growths were assessed spectrophotometrically. Adhesive/invasive bacterial counts 
were examined by colony counting method. Biofilm was determined using microtiter plate assay. 
Minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC) of ci-
profloxacin (CIP) and gentamicin (GN) were examined by the microdilution method. Cell viabilities 
were detected via methylthiazolyldiphenyl-tetrazolium bromide assay. 
Growths of bacteria were decreased by hormones (p<0.0001). Adhesion was affected differently 
depending on hormones and strains tested. Hormones reduced the invasion (p≤0.0001) and biofilm 
(p<0.0001) of both strains. Progesterone increased and estradiol decreased MIC and MBC of CIP 
for MRSA; however, MICs of MSSA were not affected. S. aureus infected-MCF-7 viabilities were 
decreased in the presence of hormones except for high-level PRO (p<0.05). 
Our results showed that these two hormones have different effects on behaviors of S. aureus strains. 
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MRSA and MSSA strains in the presence and ab-
sence of hormones were examined in vitro. The ef-
fects of hormones on the viability of S. aureus infect-
ed and non-infected human breast adenocarcinoma 
cells (MCF-7) were also investigated.

MATERIALS AND METHODS

Bacteria, medium, and hormones
In the present study, one methicillin-susceptible Sta
phylococcus aureus (MSSA ATCC 25923) and one 
methicillin-resistant S. aureus strain (MRSA ATTC 
43300) were used. 
The effects of each hormone at two concentrations 
[(LEST:0.1 and HEST:0.4 ng/mL) and (LPRO:2 and 
HPRO:20 ng/mL)] were prepared according to their 
physiological levels in a healthy individual.

Cell culture
The human breast adenocarcinoma cell line (Michi-
gan Cancer Foundation-7, MCF-7) was used for 
growth, adhesion, invasion and cell viability assays. 
Cell cultures were prepared in Dulbecco’s modified 
Eagle medium (DMEM) (Sigma, 5546) supplement-
ed with 10% fetal bovine serum (FBS) (Biowest, 
S1810-500), 1% 2 mM L-glutamine (Biological In-
dustries, BI03-020-1B) and 1% penicillin/streptomy-
cin (50 IU/ml penicillin and 50 μg/ml streptomycin; 
Biological Industries, 03-031-1B). Cells were seeded 
in plates according to experiments. MCF-7 cells were 
seeded in 96-well microplates for bacterial growth 
and cell viability assay; seeded in 24-well plates for 
invasion and adhesion experiments. In order to pro-
vide a confluent monolayer cell culture, seeding den-
sity was adjusted as approximately 5×104 cells for 24-
well and 1×104 cells for 96-well plates, the plates 
were then incubated at 37°C for 24 hours under 5% 
CO2 conditions.

Inoculation of human breast adenocarcinoma 
(MCF7) cells
MCF-7 cells were inoculated with overnight cultures 
of MRSA and MSSA. Before inoculating bacteria, the 
cell culture medium was replaced with antimicrobial 
solution-free DMEM. Hormones were added into 
each well (20 μL for each well/96-well plate and 50 
μL for each well/24-well plate) for experimental con-
ditions; cell cultures without hormones were used as 
the control for each experiment. The plates were in-
cubated at 37°C for one hour before growth, adhe-
sion, invasion and cell viability assays. After one 
hour of incubation, MCF-7 cells were inoculated 
with approximately 107 CFU/mL MRSA and MSSA. 
The plates were then incubated at 37°C in different 
periods according to assay.

Growth assay
MCF-7 cell cultures were inoculated with bacteria as 
mentioned above and incubated along for 3, 6 and 24 

hours. Bacterial growth was determined spectropho-
tometrically (NanoDrop 2000 spectrophotometer 
Thermo Scientific, Waltham-USA) at 600 nm. The 
absorbance results of inoculated MCF-7 cells with/
without hormones were compared. All experiments 
were repeated three times independently and all con-
ditions were analyzed thrice.

Adhesioninvasion assays
The effects of hormones on adhesion and invasion 
were determined as described previously (Artini et al., 
2011; Castilho et al., 2017). For the adhesion assay, in-
oculated cells with bacteria were incubated at 37°C 
for one hour. After incubation, inoculated MCF-7 cells 
in wells were washed three times with phosphate buff-
er saline (PBS) to remove unbound bacteria and then 
treated with 500 μl 0.025% Triton X-100 to lyse the 
cells for 5 minutes at 37°C under 5% CO2 conditions. 
Cell lysates were homogenized and inoculated on 
Tryptic Soy agar (TSA) and incubated at 37°C for 24 
hours. The real number of adhered bacteria was de-
tected by counting colony-forming units (CFU).
For the determination of invasive bacteria, MCF-7 
cells were incubated with bacteria for three hours at 
37°C. PBS was used to wash inoculated cells three 
times and a fresh medium containing 200 μg/mL 
gentamycin was added to kill extracellular bacteria. 
The plates were incubated at 37°C for one hour, then 
Triton X-100 was used to lyse MCF-7 cells; to detect 
the invasive bacteria, cell lysates were homogenized 
and inoculated as mentioned above. 
The effects of each hormone at all concentrations 
were detected by comparing colony counts (as CFU/
mL) obtained from cell lysates of inoculated cell cul-
tures with/without hormones. All conditions were 
repeated three times and each experiment was per-
formed thrice. 

Biofilm assay
Microtiter plate assay was used to detect the altera-
tions of biofilm formations in 96-well plates with/
without hormones. Overnight cultures of MRSA and 
MSSA in TSB-glucose (1%v/v) were diluted 1/50 in 
fresh TSB-glucose, yielding a final concentration of 
approximately 107 CFU/mL. The 96-well plates in-
cluding 20 μL MRSA or MSSA, 80 μL TSB-glucose 
and 100 μL of each hormone at different concentra-
tions were incubated at 37°C for 24 and 48 hours. 
After incubation, the contents were aspirated gently 
from wells and the wells were washed three times 
with PBS to remove unattached bacteria. 200 μL of 
99% methanol was added to each well for fixation of 
biofilm mass, which was aspirated after 15 minutes. 
For determination of biofilm mass, wells were 
stained with 200 μL 0.1% crystal violet (in water) for 
5 minutes. Excess stain was gently rinsed off with tap 
water, and the plates were air-dried. 200 μL of 95% 
ethanol was used to dissolve the stain. 
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Biofilm formations were determined by absorbance 
values in a microplate spectrophotometer (Nano-
Drop 2000 spectrophotometer Thermo Scientific, 
Waltham-USA) at 450 nm. The assay was repeated 
three times.

Determination of minimum inhibitory 
concentrations (MIC) and minimum 
bactericidal concentrations (MBC) 
MIC values of ciprofloxacin (CIP) and gentamicin 
(GN) were determined by the microdilution method. 
These antibiotics were chosen due to their wide us-
age as broad-spectrum antibiotics. Two-fold serial 
concentrations were prepared between 2.5-1280 μg/
mL for CIP and GN in 96-well plates (CLSI, Clinical 
and Laboratory Standards Institute, Performance 
Standards for Antimicrobial Susceptibility Testing 
Standard, CLSI, Wayne, PA, USA, 31st edition, 2021, 
2021). The initial concentrations of bacteria were ar-
ranged to approximately 107 CFU/mL. 
Hormones (20 µL) and bacteria (20 µL) were added 
to the wells. The plates were incubated at 37°C for 24 
hours to investigate the effects of hormones on MIC 
values. MIC values were considered as the lowest 
concentration of the antibiotic which inhibited the 
growth of the bacteria. The experiments were repeat-
ed three times independently and all conditions were 
analyzed twice.
After detecting MIC values, 10 µl contents were aspi-
rated from the wells which showed no growth ac-
cording to MIC results and inoculated on Mueller 
Hinton Agar. The plates were incubated at 37°C for 
24 hours. The plates were examined for growth of the 
bacteria. The MBC values were determined as the 
lowest concentration of the antibiotic which kills the 
bacteria.

MCF7 cell viability assay
The effects of MRSA and MSSA inoculations in the 
presence of hormones on the viability of human 
adenocarcinoma breast cells (MCF-7) were exam-
ined using methylthiazolyldiphenyl-tetrazolium 
bromide (MTT) assay. MCF-7 cells cultured over-
night in 96-well plates with/without hormones 
were incubated for one hour at 37°C. Then, cells 
were inoculated with 20μl of overnight cultures of 
strains (107 CFU/mL) in TSB and incubated at 37°C 
for 24 hours.
After incubation, the wells were washed with PBS 
three times to remove all residues. Fresh DMEM and 
MTT (12 mM, Neofrox 3580 MTT) prepared as de-
scribed by Mosmann (1983) were added into each 
well (Mosmann, 1983). The plates were further incu-
bated for 4 hours at 37°C in 5% CO2 condition. We 
aspirated the content from wells and the remaining 
formazan crystals in wells were dissolved by adding 
dimethyl sulfoxide (DMSO) for 10 minutes. Absorb-
ance was measured spectrophotometrically at 540 
nm (NanoDrop 2000 spectrophotometer Thermo 
Scientific, Waltham-USA). All experiments were re-
peated three times.

Statistical analysis
Differences between results of experimental and con-
trol conditions were statistically analyzed. The anal-
yses were assessed using two-way ANOVA followed 
by Dunnett’s multiple comparisons test for both 
growth and biofilm alterations. One-way ANOVA fol-
lowed by Dunnett’s multiple comparisons test was 
used for the analysis of adhesion, invasion and MCF-
7 cell viability results. All results were presented as 
mean ± SD.  Differences with p values less than 0.05 
were considered significant.

Figure 1  The alteration of bacterial growth in the presence of hormones. 
The growths of MRSA and MSSA in MCF7 cell culture with/without hormones were examined using twoway 
ANOVA followed by Dunnett’s multiple comparisons tests. ****: Significant at p<0.0001 level.
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RESULTS 

The alteration of bacterial growth in the presence  
of progesterone and estradiol 
Both progesterone and estradiol at two concentra-
tions were found to statistically significantly decrease 
the growth of both MRSA and MSSA during all incu-
bation periods (p<0.0001) (Figure 1). 

The alteration of bacterial adhesion  
in the presence of progesterone and estradiol
The adhesion of MRSA strain was found to be statistical-
ly significantly increased in the presence of progesterone 
at low concentration (p: 0.0025) and in the presence of 
estradiol at high concentration (p:0.0132) (Figure 2a).  
Similarly, all hormones at two concentrations were 
found to enhance the adhesion of MSSA at various 
levels. High-level progesterone was the most effective 

inducer for MSSA adhesion. The differences were 
statistically significant (p<0.0001; p=0.0033, p=0.004 
and p=0.0004, respectively) (Figure 2b).

The alteration of bacterial invasion  
in the presence of progesterone and estradiol 
Estradiol at two concentrations and low-level pro-
gesterone significantly decreased the invasion of 
MRSA (p<0.0001 and p:0.0001, respectively) (Figure 
3a). Furthermore, the invasion of MSSA was signifi-
cantly reduced (p<0.0001) in the presence of all hor-
mone concentrations (Figure 3b).

The alteration of bacterial biofilm formation in 
the presence of progesterone and estradiol 
Except for high estradiol concentration, all hormones 
significantly reduced (p<0.0001) the biofilm forma-

Figure 2  The alteration of bacterial adhesion in the presence of hormones. 
The adhesions of MRSA and MSSA to MCF7 cell culture with/without hormones were examined using oneway 
ANOVA followed by Dunnett’s multiple comparisons tests. *, **, ***, ****: Significant at p:0.0132 level, p≤0.004 
level, p:0.0004 level and p<0.0001 level values, respectively.

Figure 3  The alteration of bacterial invasion in the presence of hormones. 
The invasion properties of MRSA and MSSA into MCF7 cell culture with/without hormones were examined 
using oneway ANOVA followed by Dunnett’s multiple comparisons tests. ***, ****: Significant at p:0.0001 level 
and p<0.0001 level values, respectively.
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tion of MRSA for 24-hour incubation. The inhibitory 
effects of hormones continued when incubation was 
prolonged to 48 hours. Interestingly, the high estradiol 
concentration showed the inhibitory effect on biofilm 
formation of MRSA during only 48 hours of incuba-
tion (p<0.0001) (Figure 4a). Similarly, all hormones at 
two concentrations significantly decreased the biofilm 
of MSSA strain in both 24 (p<0.0001, p<0.0001, 
p=0.0002 and p<0.0001, respectively) and 48 hours of 
incubation (p<0.0001) (Figure 4b). 

The alteration of antimicrobial susceptibilities in 
the presence of progesterone and estradiol 
In control conditions, MIC and MBC values of cipro-
floxacin and gentamicin for MRSA were 20 and <2.5 
µg/ml, respectively. As shown in Table 1, MIC value of 
ciprofloxacin for MRSA was reduced in the presence 
of estradiol, whereas in the presence of progesterone 
it increased 4-fold. On the other hand, the MIC value 
of gentamicin was not changed. 
Similar to the MIC value, the MBC value of ciproflox-
acin was also altered. Although progesterone in-
creased the MBC value of ciprofloxacin, estradiol 

was shown to decrease. High estradiol was found to 
increase the MBC of gentamicin, but others had no 
effect. 
In control conditions, the MIC and MBC values of 
ciprofloxacin and gentamicin for MSSA were deter-
mined as <2.5 µg/ml. No alterations were found in 
MIC values of both antibiotics in the presence of hor-
mones. However, the presence of hormones at low 
concentrations was found to increase the MBC value 
of ciprofloxacin 2-fold (Table 2). Similarly, the MBC 
value of gentamicin was also increased in the pres-
ence of estradiol at high concentrations. 

The alteration of the viability of MCF7infected 
with S. aureus in the presence of progesterone 
and estradiol
It was found that high progesterone concentration 
statistically significantly increased the viability of 
MRSA-infected MCF-7 cells (p: 0.044). On the other 
hand, the viability of MCF-7 cells infected with 
MRSA was found to be significantly decreased 
(p:0.044) in the presence of low estradiol concentra-
tion (Figure 5a). 

Figure 4  The alteration of bacterial biofilm formation in the presence of hormones. 
The biofilm formations of MRSA and MSSA with/without hormones were examined using twoway ANOVA fol
lowed by Dunnett’s multiple comparisons tests. ***, ****: Significant at p:0.0002 level and p<0.0001 level values, 
respectively. 

Table 1  MIC and MBC values of ciprofloxacin and gentamicin (µg/ml) for MRSA with/without progesterone 
and estradiol.
Antibiotics control HPRO HEST LPRO LEST
MIC values
Ciprofloxacin 20 80 5 80 5
Gentamicin < 2.5 < 2.5 < 2.5 < 2.5 < 2.5 
MBC values
Ciprofloxacin 40 80 10 80 20
Gentamicin < 2.5 < 2.5 20 < 2.5 < 2.5 
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Similarly, it was found that all hormones at all concen-
trations statistically significantly (p:0.0003, p:0.0001, 
p:0.008 and p:0.001, respectively) reduced the viability 
of MSSA-infected MCF-7 cells (Figure 5b).  

DISCUSSION 

Since Lyte and Ernst suggested microbial endocri-
nology as a new approach for understanding infec-
tious processes (Lyte and Ernst, 1992), many studies 
have shown that host hormones not only have roles 
in mammalian homeostasis, but also regulate a bi-di-
rectional interaction between host and microbe 
through inter-kingdom signaling (Plotkin and Viselli, 
2000; Klosowska and Plotkin, 2006; Freestone et al., 
2007, 2016; Lyte and Freestone, 2010; Hosoda et al., 
2011; Gumus et al., 2017; Gümüş et al., 2019; Trucco-
llo et al., 2020; Engelsöy et al., 2021). Considering 
these interactions in the present study, we examined 
the effects of progesterone and estradiol on S. aureus 
infections. 
The growth of Neisseria gonorrhoae, N. meningitidis, 
Chlamydia trachomatis, Coxiella burnetti, Treponema 
denticola, Helicobacter pylori and Brucella abortus 
were reported to be reduced in the presence of pro-

gesterone (Morse and Fitzgerald, 1974; Clark and 
Soory, 2006; Hosoda et al., 2011; Kintner et al., 2015; 
Howard and Omsland, 2020; Ren et al., 2021). Like-
wise, previous studies showed that estradiol de-
creased the growth of Enterococcus faecalis, Escheri
chia coli (Gümüş et al., 2018, 2019). On the other 
hand, it was reported that estradiol increased the 
growth of E. coli, Bacteroides melaninogenicus (Ko-
rnman and Loesche, 1982; Engelsöy et al., 2021). In 
our study, both progesterone and estradiol at two 
concentrations reduced the growth of MRSA and 
MSSA strains. Concerning the findings showing that 
growth can be altered differently, it may be possible 
to suggest that these results could be related to the 
characteristics of the strains and concentrations of 
hormones. 
It is well known that bacterial adhesion is the first 
stage of the infectious process which provides colo-
nization. There are a limited number of studies 
showing that progesterone and estradiol have effects 
on adhesion to host cells. Whereas the adhesion abil-
ities of C. trachomatis, E. coli, Lactobacillus crispatus 
and Candida albicans enhanced in the presence of 
estradiol (Bose and Goswami, 1986; Luan et al., 2020; 
Clabaut et al., 2021; Engelsöy et al., 2021), progester-
one was shown to decrease the adhesion of C. albi

Table 2  MIC and MBC values of ciprofloxacin and gentamicin (µg/ml) for MSSA with/ without progesterone 
and estradiol.

Antibiotics control HPRO HEST LPRO LEST
MIC values
Ciprofloxacin < 2.5 < 2.5 < 2.5 < 2.5 < 2.5 
Gentamicin < 2.5 < 2.5 < 2.5 < 2.5 < 2.5 
MBC values
Ciprofloxacin < 2.5 < 2.5 < 2.5 5 5
Gentamicin < 2.5 < 2.5 5 < 2.5 < 2.5 

Figure 5  The effects of hormones on S. aureus infected MCF7 cell viabilities.
The cell viabilities with/without hormones were analyzed using oneway ANOVA followed by Dunnett’s multiple 
comparisons tests, respectively *, **, ***: Significant at p: 0.044, p≤0.008, and p≤0.0003 levels, respectively.
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cans (Alves et al., 2014). In the present study, it was 
found that adhesion of MRSA and MSSA were affect-
ed differently depending on the hormone and its con-
centration. Low progesterone and high estradiol con-
centrations significantly increased the adhesive abil-
ity of MRSA, while high progesterone concentration 
stimulated the adhesion of MRSA. However, hor-
mones statistically significantly decreased the adhe-
sion of MSSA except for high progesterone concen-
tration. It seems that hormones alter the capability 
of adhesion depending on the strain tested.  
During the infectious process, some pathogens can 
invade the host cells. Progesterone was shown to en-
hance the invasion of N. gonorrhoae (Edwards, 2010); 
however Alves et al., 2014 reported that the invasion 
of C. albicans was reduced (Alves et al., 2014).  Com-
parable results were also obtained in the presence of 
estradiol. The invasion capabilities of E. coli and C. 
trachomatis were reported to be increased in the 
presence of estradiol and estrogen in a dose-depend-
ent manner (Kintner et al., 2015; Engelsöy et al., 
2021); Medina-Estrada et al., 2016 reported a reduc-
tion for S. aureus invasion in the presence of estradi-
ol (Medina-Estrada et al., 2016). In our study, we ex-
amined whether progesterone and estradiol also af-
fect the invasion process. It was found that except for 
high progesterone concentration, all hormones de-
creased invasion of both S. aureus strains. 
Biofilm formation provides an advantage for micro-
organisms to escape antimicrobial treatment and the 
immune system. Studies indicated that progesterone 
reduced biofilm formation of C. albicans (Alves et al., 
2014; Gonçalves et al., 2020b) and that estradiol en-
hanced biofilm formation of L. crispatus, S. epider
midis, E. coli, E. faecalis, S. aureus, Prevotella inter
media (Fteita et al., 2014; Gümüş et al., 2018; 
Gonçalves et al., 2020a; Wang et al., 2020; Clabaut et 
al., 2021; Engelsöy et al., 2021). In our study, we 
demonstrated that hormones generally decreased the 
biofilm formation of both S. aureus strains. Con-
versely to our results, in other studies it was shown 
that estradiol tends to be an inducer of biofilm for-
mation for different kinds of bacterial species (Fteita 
et al., 2014; Gümüş et al., 2018; Wang et al., 2020). On 
the other hand, progesterone has a suppressive effect 
on the biofilm formation of C. albicans (Gonçalves et 
al., 2020a, 2020b).
Studies showing the effects of hormones on antibiot-
ic susceptibilities are limited. Gonçalves et al., 2020 
reported that progesterone and estradiol impaired 
the susceptibility of C. albicans and C. glabrata cells 
to azoles (Gonçalves et al., 2020a). Consistent with 
these findings, Plotkin et al., 2003 reported that dihy-
drotestosterone led to at least a fourfold shift in the 
MIC values of cefepime and tobramycin for P. aeru
ginosa strain. In the same study, the MIC values of 
meropenem and norfloxacin were increased for E. 
faecalis (Plotkin et al., 2003). Similarly, Plotkin and 

Konakieva, 2017 showed that dehydroepiandroster-
one, which is an endogenous steroid hormone, in-
creased resistance to vancomycin and other antibio-
tics (penicillin, cephalosporin, macrolide, aminogly-
coside, and nitrofurantoin classes) for S. aureus 
strain (Plotkin and Konakieva, 2017). We examined 
the effects of hormones on antibiotic susceptibilities 
of resistant and susceptible S. aureus strains to clari-
fy whether they are influenced in the same way or 
not. Interestingly, we found that while progesterone 
increased the MIC and MBC values of ciprofloxacin 
for MRSA strain, estradiol decreased. On the other 
hand, a high estradiol concentration increased the 
MBC value of gentamicin. No alterations were found 
in MIC values of ciprofloxacin and gentamicin for 
MSSA strain in the presence of hormones. However, 
low concentrations of hormones enhanced the MBC 
value of ciprofloxacin and high estradiol increased 
the MBC value of gentamicin. It seems that a high 
concentration of estradiol increased MBC values of 
both antibiotics for MRSA and MSSA strains. It may 
be concluded that antibiotic susceptibilities could be 
affected in diverse ways by different hormones and 
different antibiotic susceptibility patterns.  
In our study, we also determined the effects of pro-
gesterone and estradiol on S. aureus-infected MCF-7 
cell viabilities. Previously, it was shown that proges-
terone affected the replication of C. burnetii in mono-
cyte cells without losing host cell viability (Czyż et al., 
2014). According to our results, except for high pro-
gesterone concentration, hormones decreased the 
viability of S. aureus-infected cells. This may occur 
due to the reductive effect of high progesterone on 
the growth of MRSA. Due to the lack of in vitro stud-
ies showing the effects of hormones on bacteria-in-
fected cells, we could not compare our results. On 
the other hand, an invivo study conducted by Saqui-
Salces et al., 2006, progesterone was shown to reduce 
the proliferation index and increase the apoptotic 
rate of H. pyloriinfected ovariectomized female ger-
bils; they suggested that their results supported the 
protective role of progesterone in gastric damage 
(Saqui-Salces et al., 2006). Another invivo study 
demonstrated that the administration of exogenous 
progesterone has a protective effect against B. abor
tus infection in pregnant mice (Ren et al., 2021). 
Invivo infection models clearly show that progester-
one and estradiol have immunomodulatory roles. 
In summary, many studies have tried to explain the 
action mechanisms of sex hormones on pathogens 
and host cells during infection. According to the re-
sults of these studies, sex hormones regulate mem-
brane interactions between pathogens and host cells 
and various metabolic pathways such as nucleotide 
metabolism, substrate oxidation, and fatty acid bio-
synthesis of pathogens (García-Gómez et al., 2013; 
Feraco et al., 2016; vom Steeg and Klein, 2017). It 
was found that in some physiological conditions, 
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such as pregnancy and postmenopausal periods, al-
terations of progesterone and estradiol levels lead to 
changes in the host cell structures interacting with 
microorganisms during the adhesion process (Eto et 
al., 2007; Engelsöy et al., 2021). Furthermore, it was 
also suggested that progesterone and estradiol medi-
ate gene expression in bacteria at the transcriptional 
level (Amirshahi et al., 2011; Feraco et al., 2016; vom 
Steeg and Klein, 2017; Vidaillac et al., 2020). 
In conclusion, the results of the present study, in ac-
cordance with many other studies mentioned above, 
showed that hormones affected the growth, viru-
lence, and antimicrobial susceptibilities of patho-
gens. These effects were variable depending on the 
tested strain, hormone concentration, and examined 
cell line. 
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